fully recovered from the throat infection, a second ACTH test was done, using the same dosage but a different batch of ACTH. On this occasion the resting level of 17-hydroxycorticosteroids was 5 * 7 mg/24 hr on the day before ACTH was given, and the highest level reached during the test was 6-1 mg/24 hr. It was of interest that the urine collected during the first 24 hours of admission when he was very ill, gave a 17-hydroxycorticosteroid output of 10 mg/24 hr, considerably higher than that reached by artificial stimulation of the adrenal gland with ACTH during the ACTH tests. It was considered that though the resting levels of 17-hydroxycorticosteroids were within normal limits for a boy of his age, his response to the two ACTH tests and to natural stress was inadequate. In normal children an ACTH test carried out in this manner leads to a rise of total 17-hydroxycorticosteroids to 20 mg/ 24 hr at least (Clayton, Edwards, and Renwick, 1963) . It was not possible to estimate the excretion of aldosterone locally but the adrenal medullary function was checked. The noradrenaline excretion was 19-8 ,ug/ 24 hr, the adrenaline 3-6 ,tg/24 hr, and the vanillyl mandelic acid (VMA) was 2 5 mg/24 hr. All three were considered to be within normal limits. There was no evidence of tuberculosis of the adrenal glands. In view of the possibility of autoimmune disease, the boy's serum was tested by the complement-fixation method and the immunofluorescence method for adrenal antibodies by Professor J. Anderson in Glasgow, and it was negative. His mother's blood was similarly tested and was negative. The boy's blood and his mother's blood were also tested for thyroid autoantibodies and proved negative. There was no evidence of disease of other endocrine glands, e.g. the pituitary, the thyroid, the parathyroids, the pancreas, or the testes. The chromosome pattern was that of a normal male. Clinical examination of the central nervous system was negative. A skull x-ray revealed no abnormality and the EEG was reported by Dr. P. Aungle as within normal limits.
It was thought that the boy suffered from idiopathic adrenocortical atrophy. In spite of the absence of adrenal antibodies in the circulating blood, an autoimmune causation was suspected because of the strong family history of autoimmune disorders among the mother's sibs (Table I ). The family history on the father's side was negative for endocrine and neurological disease. He was treated with cortisone and fludrocortisone and made excellent progress though the skin pigmentation never completely disappeared. He attended school regularly for 17 months. DHA, aetiocholanolone, and androsterone fell consistently between 1 and 2 SD below the mean (Fig. 4) . The 17-hydroxycorticosteroid assay (Few, 1961 ) gave a high value, more than 2 SD above the mean, in the first sample, reflecting a partial response to stress. The baseline result before ACTH was just below the mean, and there was no significant rise after ACTH. The total of the individual estimations of THF, allo-THF, and THE gave a result between 1 SD above the mean and the mean when he was ill and results between 1 and 2 SD below the mean before and during the ACTH test. The values at 9 years reflect the maintenance therapy (Fig. 5) .
Further study of the patient's urine showed that it contained only traces of corticosterone metabolites, i.e. THB, allo-THB, and THA. These steroids are usually present in much greater quantity in the urine of normal children. No abnormal or unusual steroids were detected in any of the samples by the method in use.
Pathology Necropsy was performed 4 hours after death.
Adrenals. The adrenals were in their normal anatomical position and they showed atrophy which was severe but not complete. The right adrenal weighed 1 9 g and the left adrenal 1 0 g (normal for 9 years = 4 5 g each). In both glands there was apparent fibrous thickening of the capsule. Histologically, instead of the usual three layers, the cortex was replaced by nodules of large cells with eosinophilic, vacuolated cytoplasm (Fig. 6 ). There was variation in nuclear size and staining properties and an occasional multinucleate giant cell was present. Inflammatory infiltrate was very scanty, and in the multiple sections examined there was only a very occasional polymorph seen in the centre of a nodule and a few lymphocytes present in the capsule. Frozen sections stained for fat with Oil Red 0 showed moderate accumulations of lipid in the cortical cells. The medulla appeared normal and the adrenal vessels showed no significant abnormality.
Pituitary. The pituitary gland including anterior and posterior lobes weighed 0 4 g (normal for 9 years 0 56 g).
Eosinophil and chromophobe cells were present in normal numbers. Differential counts showed a marked increase in basophils and many were of the degranulated variety (Fig. 7 ).
Thyroid and parathyroids. These glands showed no abnormality.
Thymus. The thymus weighed 10 g (normal for 9 years = 26 g).
There was atrophy of the cortex with depletion of lymphocytes and replacement by fibro-fatty tissue. The medulla showed normal medullary cells, plasma cells, and eosinophils. Hassell's corpuscles were large, necrotic, and many were calcified. Germinal centres were absent. No Russell bodies were seen.
Pancreas. The pancreas showed no abnormality.
Testes. Each testis weighed 3-6 g. There was a reduction in the number of spermatogonia compared to testes from normal boys of nine years. The Leydig cells were normal.
Brain. The brain weighed 1300 g (normal for 9 years = 1800 g) and showed no external abnormality. On serial coronal sectioning there was a large, firm, grey zone of demyelination involving the central and convolutional white matter of each hemisphere. The lesions extended from the occipital poles forwards into the temporal and parietal lobes (Fig. 8) . Their margins were sharply defined and apparently limited by the arcuate fibres. They did not involve the internal Adrenocortical Atrophy and Diffuse Cerebral Sclerosis capsules, cortical grey matter, or basal ganglia, and these structures together with the white matter of the frontal lobes appeared normal. The lateral and third ventricles were moderately dilated. Sections of brain-stemshowed ill-defined greyish discoloration of the cerebral peduncles and pyramids. The cerebellum, aqueduct, and fourth ventricle were normal. The spinal cord also appeared normal.
Representative blocks were taken from the lesions and the normal areas of cerebral hemisphere, the basal ganglia, brainstem, and spinal cord. Frozen sections were stained with Oil Red 0 and Sudan Black for fats, by Holzer's method for glial fibres, by toludine blue for metachromasia, and by Bielschowsky's method for axons and neurofibrils. Paraffin and low viscosity nitrocellulose (LVN) sections were stained with haematoxylin and eosin (H and E), period acid-Schiff (PAS), phosphotungstic acid haematoxylin (PTAH), solochrome cyanin, and by Woelcke's method for myelin and Holmes' method for axis cylinders.
Cerebrum. Sections from the large lesions noted in the posterior half of each hemisphere confirmed that there were extensive zones of demyelination and they all showed similar histological features. In the central parts demyelination was complete and of some standing (Fig. 9) . As shown in the Bielschowsky preparation, there was a reduction in the number of axons and the surviving ones were often swollen and beaded. There was dense fibrillary gliosis and many of the astrocytes were large with plump cytoplasm and large atypical nuclei. Sporadically, the multinucleate oligodendrocytes were greatly reduced in number. Cerebral histiocytes were seen mainly in perivascular spaces, but small numbers were scattered throughout the lesions (Fig. 10) . The material in these cells stained positively with Sudan Black and Oil Red 0 (Fig. 11 ) and contained PAS positive granules. There was no metachromasia. The vessels were increased in size and apparently in number, and most showed perivascular cuffing with lymphocytes and plasma cells in addition to the histiocytes already noted (Fig. 10) . At the margins of the lesions the demyelination appeared to be still active. The surviving myelin sheaths were swollen, ballooned, and fragmented, histiocytes were more numerous, and perivascular infiltration was more severe. The subcortical white matter (arcuate fibres) appeared to be spared on the whole, but in some sections the degenerative process extended into it and encroached on the lower layers of the cortex. A small demyelinating focus with similar histological features was found in part of one optic tract. In some sections of cortex there The striking features present were evidence of active demyelination in the occipital white matter together with changes in the cerebral cortex in which not only was there a general loss of total galactosides and of phospholipids, but also an increase of esterified cholesterol which is normally absent. It is of interest that total hexosamine is only slightly raised in the grossly demyelinated white matter. In a case recently described (Menkes and Eviatar, 1969) cholesterol esters were present together with other evidence of demyelination, and this is supported in the analysis of the fatty acid composition.
In sudanophilic diffuse sclerosis ('Schilder's disease') a similar picture is seen biochemically in the white matter, but with a raised total hexosamine, the cortex being virtually unaffected (Dyck, Cumings, and Olszewski, 1960) . There are changes in both white matter and cortex in Alpers' disease (Blackwood et al., 1963) , but neither the clinical condition nor the histopathology of Alpers' disease is similar to those of the present case.
One of us (J.N.C.) has examined cerebral tissue from two other cases of adrenocortical atrophy and diffuse cerebral sclerosis in males, and some of the results are recorded in Table III ; it is seen that there is a wellmarked abnormality in the cortex as well as demyelination in the white matter. From the detailed studies of the excretion of adrenal steroids it was evident that the more definitive method of determining the androgens and the tetrahydro metabolites of cortisol and corticosterone individually by paper chromatography revealed the diminution in excretion due to adrenocortical atrophy much more clearly than the routine assays of 17-oxosteroids and 17-hydroxycorticosteroids, though it was possible to make the diagnosis by a failure of response to ACTH using the latter assay. Gray (1969) gives a brief comment on the examination of one 24-hour urine collection from an adult patient with Addison's disease and diffuse cerebral sclerosis made under ACTH stimulation. M. Damkjaer Nielsen (1970, personal communication), who carried out the assays, reported an excretion of cortisol metabolites normal for the resting state but low for an ACTH stimulated subject, and zero excretion of corticosterone metabolites. She had found zero excretion of corticosterone metabolites only once previously in 1 of 12 patients with Addison's disease in the resting state, and this patient had a very low excretion of cortisol metabolites as well. In other patients with Addison's disease corticosterone metabolites were found in the normal proportion in comparison with cortisol metabolites. No abnormal steroids were found in Gray's patient. The androgen excretion was not investigated. Cost (1963) reported a relatively greater reduction in the excretion of corticosterone metabolites than of cortisol metabolites in 4 out of 6 adults with untreated Addison's disease, and he suggested that this was because endogenous ACTH stimulated the cortisol pathway preferentially. He did not comment on the excretion of androgens in his patients. It is recognized that adrenal androgens probably play a part in the physiological stimulation of growth and skeletal maturation in childhood and adolescence (Hubble, 1969) , but the depression of adrenal function was not complete in our patient and the boy's growth and skeletal maturation were normal.
No adrenal antibodies could be detected in the serum either during life or in post-mortem blood. The adrenal histology had features in common with the idiopathic cortical atrophy seen in adult Addison's disease and the paucity of inflammatory infiltrate was thought not necessarily to exclude an autoimmune aetiology (T. Symington, 1968, personal communication) . Blaw et al. (1964), Turkington and Stempfel (1966) , and Gordon and Marsden (1966) pointed out the absence of inflammatory infiltration in their cases. In the literature on the combined syndrome there have been no instances of tuberculosis of the adrenal glands. Uttley (1968) suggested that the development of Addison's disease in childhood might be a late manifestation of congenital adrenal hypoplasia. However, the histology of the adrenal glands in our patient bore no resemblance to either the 'anencephalic' or the 'cytomegalic' type of abnormality seen in congenital hypoplasia.
The pathological changes in the anterior pituitary gland were compatible with those found in a primary disorder of the adrenal glands but differed from those described in the literature of Addison's disease and diffuse cerebral sclerosis, in that there was an overall increase in degranulated basophils which amounted to twice the normal number for a child of 9 years (Rasmussen, 1950) . However, a high proportion of degranulated basophils is usual in the pituitary in Addison's disease in adults. The thyroid was entirely normal in our patient as in the reports on the combined syndrome, whereas 50% of adults with Addison's disease have abnormalities of the thyroid (Sloper, 1955) . There was also no abnormality of the parathyroid glands. The thymus showed involutionary changes related to a variety of factors, for example age, prolonged illness and steroid administration. Dubois et al. (1964) , and Turkington and Stempfel (1966) mention the thymus in their reports and describe similar changes to those found in our patient. The pancreas was normal. The pathological changes in the testes were minimal and of doubtful significance in isolation, but when compared with the descriptions of impaired development in the reports of Fanconi et al. (1963) and Hoefnagel et al. (1967) there may have been a degree of hypogonadism. The boy described by Hoefnagel et al. in 1962 had an interstitial cell tumour of one testis. The Leydig cells, which produce testosterone, were normal in our case. Blaw et al. (1964) postulated that the adrenal glands might produce an abnormal steroid toxic to the central nervous system, and suggested that detailed chromatography of the urine would be of value. In our patient the assays of individual urinary steroids showed a diminished production of adrenal androgens and corticosteroids in the resting state and failure of a normal corticosteroid response to stress and ACTH stimulation, but the steroids excreted were the same as those of normal boys and no unusual or unknown steroids were detected.
We have therefore produced no evidence to support their hypothesis.
Adrenocortical atrophy with diffuse cerebral sclerosis might be due to an error of metabolism common to the adrenal cortex and the brain. Though no evidence of an adrenal enzyme deficiency leading to an diminished production of androgens and corticosteroids was found, an abnormality of metabolism in relation to the cholesterol stage of synthesis remains a theoretical possibility. Such an error could also cause a diminution of testosterone production in the testes. The biochemical studies of brain tissue in our patient revealed abnormal proportions of brain lipids and cholesterol. Menkes and Eviatar (1969) reported an abnormal sterol with the same number of carbon atoms as cholesterol in the white matter of the brain in a case of the combined syndrome. It is therefore at least possible that an abnormality of sterol metabolism in relation to cholesterol might cause the cerebral sclerosis. Histochemical, biochemical, and tissue culture studies of adrenal and brain tissue in other patients in the future should lead to a fuller understanding of the nature of the condition.
Finally, the possibility that both conditions are due to atrophy of tissue cells due to an underlying autoimmune disorder requires consideration. The occurrence of disease in other endocrine glands in patients with Addison's disease is well recognized (Wilkins, 1965; Visser, 1969; Cathro, 1969) . However, the connexion between adrenal disease and brain disease is more speculative. Adrenal atrophy has been found uniformly at necropsy, but in no case have circulating antibodies to adrenal tissue been demonstrated, nor has any evidence been found for a possible autoimmune basis for the cerebral sclerosis in the combined syndrome. We arranged for studies by direct immunofluorescence to be made in another laboratory, but, unfortunately, the fresh frozen adrenal and brain tissues were lost. Thyroid disease has not been described in the combined condition but testicular atrophy has been reported. In our patient, circumstantial evidence in favour of an autoimmune basis for the Addison's disease is shown in the family history of autoimmune disorders in the mother's sibs. In studies of Addison's disease due to adrenal atrophy by Irvine, Stewart, and Scarth (1967) and Blizzard, Chee, and Davis (1967) 
